Aspirin for Symptomatic Intracranial Disease (WASID) trial. A prespecified aim of WASID was to identify patients at highest risk for stroke in the territory of the stenotic artery who would be the target group for a subsequent trial comparing intracranial stenting with medical therapy. Methods and Results-WASID was a randomized, double-blinded, multicenter trial involving 569 patients with transient ischemic attack or ischemic stroke due to 50% to 99% stenosis of a major intracranial artery. Median time from qualifying event to randomization was 17 days, and mean follow-up was 1.8 years. Multivariable Cox proportional hazards models were used to identify factors associated with subsequent ischemic stroke in the territory of the stenotic artery. Subsequent ischemic stroke occurred in 106 patients (19.0%); 77 (73%) of these strokes were in the territory of the stenotic artery. Risk of stroke in the territory of the stenotic artery was highest with severe stenosis Ն70% (hazard ratio 2.03; 95% confidence interval 1.29 to 3.22; Pϭ0.0025) and in patients enrolled early (Յ17 days) after the qualifying event (hazard ratio 1.69; 95% confidence interval 1.06 to 2.72; Pϭ0.028). Women were also at increased risk, although this was of borderline significance (hazard ratio 1.59; 95% confidence interval 1.00 to 2.55; Pϭ0.051). Location of stenosis, type of qualifying event, and prior use of antithrombotic medications were not associated with increased risk. Conclusions-Among patients with symptomatic intracranial stenosis, the risk of subsequent stroke in the territory of the stenotic artery is greatest with stenosis Ն70%, after recent symptoms, and in women. (Circulation. 2006;113:555-563.)
A therosclerotic stenosis of the major intracranial arteries is an important cause of ischemic stroke, especially in blacks, Asians, and Hispanics. 1, 2 In the United States, intracranial stenosis causes 8% to 10% of ischemic strokes, and the risk of recurrent stroke in these patients may be as high as 15% per year. [3] [4] [5] [6] [7] [8] The Warfarin versus Aspirin for Symptomatic Intracranial Disease (WASID) study was a randomized clinical trial that compared warfarin and aspirin for preventing stroke and vascular death in patients with stenosis of a major intracranial artery. 9 The study determined that warfarin Clinical Perspective p 563 was associated with significantly higher rates of adverse events and provided no benefit over aspirin for preventing stroke and vascular death. Another therapeutic strategy is intracranial angioplasty or stenting, but there are no studies on the comparative safety and efficacy of angioplasty or stenting versus medical therapy.
A few retrospective studies have suggested that there are subgroups of patients with intracranial arterial stenosis at particularly high risk of stroke in the territory of the stenotic artery who may be the target population for intracranial angioplasty or stenting. These include patients with severe stenosis (70% to 99%), 8 those with vertebrobasilar disease, 8, 10, 11 and those who had an ischemic event while undergoing antithrombotic therapy. 12 Furthermore, studies of extracranial carotid stenosis have suggested that stroke rather than transient ischemic attack (TIA) 13 and recent symptoms 14 may portend greater risk. These 5 potential high-risk features require validation in a prospective study to have clinical utility for patients with intracranial stenosis. The WASID study provided a unique opportunity to identify predictors of stroke in the territory of a stenotic intracranial artery. As such, a prespecified aim of WASID was to identify patients at sufficiently high risk of stroke in the territory of the stenotic artery who would be the target group for a subsequent trial comparing intracranial stenting with medical therapy.
Methods

Study Design and Patient Eligibility
Details of the WASID study design and results of the comparison of warfarin and aspirin have been published previously. 7, 9 Briefly, WASID was an investigator-initiated, randomized, double-blind, multicenter clinical trial conducted at 59 sites in North America that was funded by the National Institute of Neurological Disorders and Stroke (NINDS). The study protocol was approved by the institutional review board at each site, and all patients gave written informed consent to participate. Patients were enrolled between February 1999 and July 2003.
Inclusion criteria included TIA or nondisabling stroke within 90 days of randomization that was attributable to angiographically verified 50% to 99% stenosis of a major intracranial artery (internal carotid, middle cerebral, vertebral, or basilar artery), modified Rankin score Յ3, and age Ն40 years. Exclusion criteria included extracranial internal carotid stenosis (50% to 99%) tandem to an intracranial carotid or middle cerebral artery stenosis; nonatherosclerotic stenosis; a cardiac source of embolism (eg, atrial fibrillation); contraindication to aspirin or warfarin; and a comorbid condition that limited the outlook for survival to Ͻ5 years. Patients were randomly assigned treatment with warfarin (target international normalized ratio [INR] between 2.0 and 3.0) or aspirin (1300 mg daily). Study subjects and investigators were blinded to treatment allocation.
Angiographic Evaluation
Patients were enrolled in WASID on the basis of local interpretation of angiograms that demonstrated 50% to 99% stenosis of a major intracranial artery. One copy of the angiogram frame that best depicted the symptomatic stenosis was sent for central reading. The central neuroradiologist (HJC), blinded to the site reading, measured percent diameter stenosis according to the WASID measurement technique. 7 On the same angiographic image, the length of stenosis was measured and then normalized by dividing by the diameter of the normal referent arterial segment. The measurements used in this analysis were those of the central neuroradiologist. On the basis of the intent-to-treat principle, patients whose central readings indicated Ͻ50% stenosis or complete 100% occlusion were included in this analysis.
Follow-Up and Assessment of End Points
Patients were contacted monthly to determine whether any events had occurred. Every 4 months, patients were examined by a neurologist blinded to treatment allocation. If a stroke was suspected, patients underwent brain computerized tomography (CT) or magnetic resonance imaging (MRI). Patients were to be followed up to a primary end point, death, or a common termination date. The primary end point for the comparison of warfarin and aspirin in WASID was ischemic stroke (in any vascular territory), brain hemorrhage, or nonstroke vascular death. Values are n (%) or meanϮSD. Numerical thresholds were defined as the median of the study population. *Symptomatic vessels were defined as either anterior (middle cerebral artery and intracranial internal carotid artery) or posterior (intracranial vertebral artery and basilar artery).
†Length of stenosis is defined as the ratio of the length of the stenotic segment divided by the diameter of the normal referent artery.
For the present analysis, the end point of interest was ischemic stroke in the territory of the symptomatic intracranial stenosis. Ischemic stroke was defined as a new focal neurological deficit of sudden onset that lasted Ն24 hours and was not caused by hemorrhage on brain imaging. Ischemic stroke was considered to be definitely in the same territory of the symptomatic artery when the neurological signs correlated with a new infarct on CT or MRI in an area of the brain supplied by that artery. Ischemic stroke was considered probably in the territory of the symptomatic artery when the neurological signs were localized to an area of the brain supplied by that artery but there was no new infarct on brain imaging. Ischemic stroke was considered in an indeterminate territory when the neurological signs could localize to 2 or more distinct vascular territories and there was no new infarct on brain imaging. Ischemic stroke could likewise be classified as probably not or definitely not in the territory of the symptomatic artery. For the purpose of the present analysis, ischemic strokes that were definitely or probably in the territory of the stenotic artery were considered in the territory.
The local investigator classified the location of the end-point ischemic stroke. In addition, the locations of all ischemic strokes were independently determined by a central investigator (MIC) at the end of the study. In cases in which there was disagreement, a second central investigator (BJS) independently determined the location, and the classification made by 2 of the 3 investigators was used.
Statistical Methods
The original power analysis to address the main hypothesis pertinent to this study (in the best medical therapy group, patients with 70% to 99% stenosis would have a significantly higher rate of ischemic stroke in the territory of the stenotic artery than patients with 50% to 69% stenosis) assumed a sample size of 403 patients followed up for an average of 2.5 years. Assuming a 60:40 ratio in patients with moderate versus severe stenosis, the power was 94% to detect a difference in rates similar to that observed in the retrospective WASID pilot study, 8 18% with severe stenosis versus 6% with moderate stenosis over 3 years. In addition, we calculated that there was 80% power to detect hazard ratios (HRs) between 2.0 and 2.3 for other risk factors (eg, anterior versus posterior circulation stenosis).
WASID was halted after 569 patients had been enrolled and followed up for an average of 1.8 years. Because no difference was discerned between the 2 treatment arms, all patients were included in the present analysis. We determined the power of the study with 569 patients to detect HRs of Ն2 using the method of Lachin and Foulkes 15 for the log-rank test. Among all 569 patients, the probability of ischemic stroke in the territory of the stenotic artery at 2 years was 0.14. To estimate the detectable differences between groups of patients, we determined the proportions with an event by 2 years in each of 2 groups that would yield an overall proportion of 0.14 when 1 proportion was twice the other proportion and when the sample size varied with 33%, 50%, or 67% of the 569 patients in the group with the smaller proportion. The smaller proportion at 2 years was translated to a hazard rate, and the power to detect a hazard rate twice as large was determined for the 3 sets of sample sizes. With a type I error of 0.05, the power was 0.76, 0.86, and 0.88 when the sample size in the group with the smaller hazard rate was 33%, 50%, and 67% of the 569 patients, respectively. Thus, the study had adequate power to detect HRs of Ն2 when the sample size of the smaller of 2 groups was at least 190.
Univariate analyses to assess the effect of each baseline factor were done with Cox proportional hazards regression. A series of nested multivariable Cox proportional hazards models were considered. The primary model was based on the 5 hypothesized contributors to the risk of stroke in the territory of the symptomatic artery: type of qualifying event (stroke versus TIA), location of vessel (anterior versus posterior circulation), percent stenosis, treatment with antithrombotic medications at the time of the qualifying event, and time from qualifying event to enrollment. A second model incorporated these 5 variables and was also adjusted for age, gender, and race. Additional variables were considered for inclusion in a third exploratory multivariable model if they were associated with stroke in the territory in univariate analysis at the PϽ0.05 level.
Product-limit estimate of the cumulative probability of an ischemic stroke in the territory of the stenotic artery vs years after randomization, according to percent stenosis (Ն70% stenosis shown as solid line, Ͻ70% stenosis as dashed line); log-rank test PϽ0.0010. Numerical thresholds were defined as the median of the study population. *Symptomatic vessels were defined as either anterior (middle cerebral artery and intracranial internal carotid artery) or posterior (intracranial vertebral artery and basilar artery).
The cumulative probability of a stroke in the territory of the stenotic intracranial artery versus time was estimated by the product-limit method. The relationship between degree of stenosis and the risk of stroke in the territory of the stenotic artery was tested with the Cochran-Armitage test. 16 Patients lost to follow-up were censored at the last contact date. Baseline characteristics were compared between patients with and without stroke in the territory with a 2 test (for proportions) or independent groups t test (for means). All reported probability values are 2-sided, without adjustment for multiple testing; probability values Ͻ0.05 were considered statistically significant.
Results
In WASID, 569 patients were enrolled a median of 17 days after the qualifying TIA or ischemic stroke. The mean duration of follow-up was 1.8 years. Thirteen patients (2.3%) were lost to follow-up (6) or withdrew consent (7) at an average of 6 months after enrollment. The primary WASID end point of ischemic stroke, brain hemorrhage, or nonstroke vascular death occurred in 125 patients (22%).
Ischemic stroke accounted for the majority of events in WASID and occurred in 106 patients (19.0%); 77 (73%) of these strokes were in the territory of the stenotic artery (51 definite, 26 probable). Sixty (78%) of these 77 strokes occurred within the first year. Table 1 summarizes the baseline characteristics for patients with and without a stroke in the territory of the symptomatic stenotic artery. Table 2 shows event rates and univariate relationships between baseline characteristics and the rates of stroke in the territory of the stenotic artery. Univariate analysis ( Table 2) showed that severity of stenosis (Ն70% versus Ͻ70%; Figure) , time from qualifying event to enrollment (Յ17 days versus Ͼ17 days), female gender, National Institutes of Health (NIH) stroke scale (Ͼ1 versus Յ1), and history of diabetes mellitus were significantly associated (PՅ0.05) with stroke in the territory of the stenotic artery, whereas body mass index was of borderline significance (Pϭ0.068). Age, race, location of stenosis, length of stenosis, other vascular risk factors, comorbidities, treatment with antithrombotic agents at the time of the qualifying event, and treatment assignment were not significantly associated with an increased risk of stroke in the territory of the stenotic artery.
In the primary multivariable model, severe stenosis Ն70% resulted in a significantly higher subsequent risk of stroke in the territory of a symptomatic intracranial stenotic artery than stenosis Ͻ70% (HR 2.03; 95% confidence interval [CI] 1.29 to 3.22; Pϭ0.0025). Risk increased linearly (P for trendϭ0.0026) with greater percent stenosis but may have declined when stenosis was 90% to 99% (Table 3) . Furthermore, risk was significantly greater for patients enrolled Յ17 days after the qualifying event (HR 1.69; 95% CI 1.06 to 2.72; Pϭ0.028). Type of qualifying event (stroke or TIA) was not statistically associated with risk of stroke in the territory of the symptomatic stenosis (HR 1.50; 95% CI 0.90 to 2.49; Pϭ0.12). However, when we stratified the qualifying event according to severity of stenosis, we observed a low rate of stroke in patients with initial TIA and stenosis Ͻ70% and a very high rate of stroke in patients with initial stroke and stenosis Ն70% (Table 4 ), but there was no statistical evidence of interaction (Pϭ0.11). There was also no interaction between type of qualifying event and time from qualifying event to enrollment (Pϭ0.46). Among the 342 patients whose qualifying event was stroke, lacunar versus nonlacunar type had no impact (Pϭ0.20). Location of stenosis (posterior versus anterior circulation) was not associated with risk (HR 1.05; 95% CI 0.66 to 1.68; Pϭ0.97) nor was treatment with antithrombotic medications at the time of the qualifying event (HR 1.06; 95% CI 0.66 to 1.69; Pϭ0.83).
In the second multivariable model adjusted for age, sex, and race (Table 5) , the hazard estimates of the 5 putative risk 
Kasner et al Stroke in the Territory of Intracranial Stenosis
factors were not significantly altered, which suggests no major confounding by demographic characteristics. However, female gender was marginally associated with greater risk of stroke in the territory of the symptomatic artery (HR 1.59; 95% CI 1.00 to 2.55; Pϭ0.051).
Additional variables identified as possibly associated with stroke in the territory of an intracranial stenosis in univariate analysis were diabetes mellitus and the NIH Stroke Scale. When incorporated into the exploratory third multivariable model (Table 6) , diabetes was no longer associated with risk (HR 1.18; 95% CI 0.74 to 1.90; Pϭ0.49), but NIH Stroke Scale scores greater than the median score of 1 were associated with subsequent risk (HR 2.16; 95% CI 1.26 to 3.70; Pϭ0.0051). The NIH Stroke Scale strongly correlated with the type of qualifying event (PϽ0.001), and its inclusion in the model completely negated the marginal trend associated with the type of qualifying event. The HRs and probability values for the other parameters of the second model were essentially unchanged by the inclusion of these 2 additional variables.
To further evaluate the relationship between the type of qualifying event and NIH Stroke Scale, we compared subsequent risk between patients with single versus multiple ischemic events before randomization. Multiple prior events were not associated with a greater risk of stroke in the territory of the stenotic artery than was a single event (HR 1.31; 95% CI 0.828 to 2.06; Pϭ0.25). All the above analyses were repeated with the exclusion of patients with centrally measured Ͻ50% stenosis (nϭ70) or complete occlusion (nϭ3), and no substantive changes in the primary results were observed.
Discussion
Patients with symptomatic intracranial stenosis are at high risk of subsequent stroke, predominantly in the territory of the stenotic artery. Despite the use of either warfarin or aspirin and vascular risk factor modification, the overall rates of stroke in the territory of the stenotic artery were 11% at 1 year and 14% at 2 years. Given the high risk of stroke in the territory of a symptomatic intracranial stenosis, alternative Numerical thresholds were defined as the median of the study population. *Symptomatic vessels were defined as either anterior (middle cerebral artery and intracranial internal carotid artery) or posterior (intracranial vertebral artery and basilar artery). Numerical thresholds were defined as the median of the study population. *Symptomatic vessels were defined as either anterior (middle cerebral artery and intracranial internal carotid artery) or posterior (intracranial vertebral artery and basilar artery).
therapies are needed. In this regard, intracranial angioplasty and stenting have emerged as promising treatments for intracranial stenosis that are increasingly being used in clinical practice in the United States [17] [18] [19] [20] and other countries. [21] [22] [23] [24] [25] However, these therapies have not been evaluated in a controlled clinical trial.
One recent uncontrolled multicenter phase I study, Stenting of Symptomatic atherosclerotic Lesions in the Vertebral or Intracranial Arteries (SSYLVIA), with similar eligibility criteria to WASID, showed that the frequency of stroke in the territory of a stented intracranial artery was 7.2% at 30 days and 10.9% at 1 year. 6 Two (4.7%) of 43 patients had strokes during the stenting procedure. Notably, the point estimates of the 1-year rates of stroke in WASID and SSYLVIA were virtually identical. Given the inherent risks of intracranial stenting, it is likely that the role, if any, for stenting will emerge from randomized controlled trials of patients at particularly high risk of stroke in the territory despite medical treatment.
In the present study, we identified risk factors associated with stroke in the territory of a stenotic intracranial artery. The major high-risk features were stenosis 70% to 99% and recent symptoms. The increased risk with severe stenosis validates the findings of the retrospective WASID pilot study and parallels the findings of symptomatic extracranial carotid artery stenosis trials. 13, 14 Furthermore, risk increased linearly with percent stenosis, except perhaps among patients with stenosis 90% to 99%. This again parallels findings with severe extracranial carotid stenosis and may be related to low flow in the severely stenotic vessel with little potential for thromboembolism or the development of collateral blood supply. 26 Similarly, the association between recent symptoms and the risk of subsequent stroke in the territory of the stenotic artery has also been observed with extracranial carotid disease. 14 It is possible that a time-selection bias existed in WASID, because some patients deemed to be at high risk of stroke may not have been enrolled early after the initial event to allow for a period of observation, and then were enrolled later after they were thought to be stable enough to participate in a randomized trial. This could have resulted in preferential inclusion of those subjects who remained stroke-free into the latter part of the enrollment period, and they may have represented a lower-risk population. However, this seems relatively unlikely, because the impact of timing was not confounded by the other characteristic most robustly tied to subsequent risk, namely, stenosis Ն70%. Although timing cannot be regarded as a factor that can discriminate among high-and low-risk patients during evaluation of the initial event, our observations suggest that potential intervention should be considered very soon after clinical presentation, unless early intervention also increases the short-term risk. 27 In contrast, if a patient presents for evaluation relatively late after the initial symptom, without intercurrent events, then perhaps a more conservative approach is warranted.
Although the qualifying event type was not a statistically independent predictor of recurrent stroke in the territory of the stenotic artery, patients with stroke and 70% to 99% stenosis seemed to be at particularly high risk, whereas patients with TIA and 50% to 69% stenosis were at low risk. Other studies of patients with symptomatic extracranial carotid stenosis have suggested that initial stroke carries a higher risk of subsequent stroke than TIA, 13, 14 although other studies of patients with medically treated carotid stenosis 28 and those with undefined vascular pathology 29, 30 suggested that TIA could pose greater risk than stroke.
Our empiric finding of an independent association of the baseline NIH Stroke Scale score with increased risk of subsequent stroke suggests that patients with stroke-related deficits are more prone to subsequent stroke than patients presenting with TIA or stroke without residual deficits, although the reason for this is unclear. We suggest caution in the interpretation of the NIH Stroke Scale impact because it was not a prespecified variable, it can be influenced by preexisting and nonstroke factors (such as cognitive deficits or arthritis), and it may be insensitive to brain stem findings that are common in patients with vertebrobasilar stenosis, the circulation involved in nearly half of the patients in the present study.
The trend toward greater risk in women is an interesting finding that is not readily explained. 31 In some studies of extracranial carotid stenosis, women had a lower risk of stroke than men and reaped a smaller benefit from intervention. 14 This remains controversial, and potential explanations for the gender gap with extracranial disease include differential arterial anatomy, 32 body size and habitus, 33 and hormonal factors, although considerable uncertainty remains. Women may also have smaller intracranial arteries, which could pose greater risk, as has been suggested in studies of patients with coronary or femoral artery disease in which smaller body size and smaller arteries were associated with greater risk of vascular events. 34, 35 Further research is needed to determine why women with intracranial disease appear to be at greater risk than men.
Numerous other factors including age, race, location of stenosis, length of stenosis, antithrombotic agent at time of qualifying event, vascular risk factors, prior cerebrovascular events, comorbidities, and treatment assignment were considered, but none of these had a large impact on the risk of stroke in the territory of the stenotic artery. Of note, patients with intracranial stenosis of the vertebral and basilar arteries were not at higher risk of stroke in the territory than those with stenosis of the internal carotid or middle cerebral artery, which contradicts findings of previous retrospective studies. 8, 10, 11 Additionally, patients who had their qualifying event while they were undergoing antithrombotic therapy had virtually the same rate of stroke in the territory as patients who were not taking antithrombotic therapy at the time of their qualifying event. This finding is also in contrast with the results of a previous retrospective study that suggested that patients taking antithrombotic medications at the time of presentation were at substantially higher risk of recurrent stroke. 12 Potential limitations of the present analysis are related primarily to statistical power and generalizability. We had enough power to detect relatively large effects of baseline characteristics on subsequent risk of stroke in the territory of the stenotic intracranial artery, but smaller effects such as those potentially related to the type of qualifying event and interactions among variables may not have been statistically evident. Furthermore, randomized clinical trials such as WASID may have limited generalizability, because patients were carefully selected for enrollment according to strict eligibility criteria. It is therefore possible that some patients may have been systematically excluded from the trial who had different clinical courses. This seems unlikely to be a major drawback, because WASID was the largest study of symptomatic intracranial stenosis to date and included patients with a wide variety of baseline characteristics. Ultimately, randomized trials still provide the best evidence for establishing clinical practice recommendations.
The results of the present study have important implications for clinical practice and for future research. Given the high risk of stroke in patients who were randomized soon after their qualifying events, early identification of intracranial stenosis is important for prognosis and possible intervention. Patients with 70% to 99% stenosis and recent symptoms are at particularly high risk of stroke and should constitute the target group for a future randomized trial comparing stenting with medical therapy. Conversely, some patients face a relatively low risk of stroke in the territory of the stenotic artery, and the exclusion of such patients from trials of intracranial stenting may be justified because the upfront risk of this procedure may exceed any potential subsequent benefit. Women may also represent a high-risk group that should be aggressively recruited to participate in intracranial stenting trials.
